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We show how the nearly bi-maximal mixing scenario comes out naturally from gauged SO{3)f flavor 
symmetry via spontaneous symmetry breaking. An interesting relation between the neutrino mass- 
squared differences and the mixing angle, i.e., Amj^g/Am^ ~ 2|(7e3p is obtained. The smallness 
of the ratio (or | !7e3 1 ) can also naturally be understood from an approximate permutation symmetry. 
Once the mixing element |C/e3| is determined, such a relation will tell us which solution will be favored 
within this model. The model can also lead to interesting phenomena on lepton-flavor violations. 
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1 Introduction 

The greatest success of the standard model 
(SM) is the gauge symmetry structure 
SU{3)c X SUl{2) X UyIi) which has been 
tested by more and more precise experiments. 
In the SM, neutrinos are assumed to be mass- 
less. The recent evidences for oscillation of 
atmospheric neutrinosEJ and for th£ deficit of 
the measured solar neutrino fluda strongly 
suggest that neutrinos are massive though 
their masses are small, and new physics be- 
yond the SM is necessary. The scenario most 
favoured by the current datad may comprise 
just three light neutrinos with nearly bimax- 
imal mixing via MSW solutionQ. It is of in- 
terest to note that such a scenario was shown 
to be naturally obtained from a simple ex- 
tention of the SM with gauged S0(3)i? flavor 
symmetryd. In this talk I mainly describe the 
most interesting features resulting from such 
a simply extended model. 



2 The model 

For a less model-dependent analysis, we di- 
rectly start from an 5*0(3)^ x SU{2)l x 
U{1)y invariant effective lagrangian with 
three S0{3)f Higgs triplets 

-C = l9'sAl{Ur{t%L,+eRa''{t%,enj) 
+ {YiijLi(f>ieR J + Y2ijLi(l)2(t)2 L'j + H.c.) 



-V^ + CsM (1) 

with effective Yukawa couplings 

Yiij = Ciip^ipjX + C-i^fr^jX + Clip, if J X 
y2ij = Cofrf* + c'^ip'^ip* + CQip'-(pj* + cSij 

CsM denotes the lagrangian of the standard 
model. Li{x) — {i>i,ei)L (i=l,2,3) are the 
SU(2)l doublet leptons and br t (i = 1, 2, 3) 
are the three right-handed charged leptons. 
Al{x)t^ {i = 1,2,3) are the SO{i)F gauge 
bosons with t* the 50 (3) f generators and 
(73 is the corresponding gauge coupling con- 
stant. Here <j)i{x) and (/'2(a;) are two Higgs 
doublets, (/9(a;), <p'(a;) and ^p" [x) are three 
SO[i)F Higgs triplets, and x{x)j x'{x) and 
x"{x) are three singlet scalars. The couplings 
c, Cq, cJ, and cjj' (a = 0,1) are dimensional 
constants. The structure of the above effec- 
tive lagrangian can be obtained by imposing 
an additional U(l) symmetry u. 

The Higgs potential for the SO{3)f 
Higgs triplets has the following general form 
before symmetry breaking 
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+^4(^t^")(^"t^) + ±4'(<^'t<^")(<^"t^') 



As the S0{3)f flavor symmetry is 
treated to be a gauge symmetry, one can 
always express the complex 50(3)^ Higgs 
triplet field in terms of three rotational fields 
r]i{x) and three amplitude fields Pi{x) 



Jrii{x)e 



1 



V2 



W2{x) (2) 



V2{x) 
.V3{x)/ ^ ^ \P3{X) 

Similar forms are for 'f'ix) and ^"{x). As- 
suming that only the amplitude fields get 
VEVs after spontaneous symmetry breaking, 
namely < Pi{x) >= ai, < p'i{x) >— u[ and 
< p'i{x) >— erf, we then obtain the fol- 
lowing eouations from minimizing the Higgs 



potential! 

o'i = V^o-ii 0-2 = V^o'2, 0-3 = -vCo-3, 



^3=0, 
al=al + cTl^ 2al ^ a^ jl . (3) 

where we have asummed a global minimum 
potential energy V^\min for varying ^ and ^' 
at the minimizing point 

2ni( + 2k,[(' + 2<^^')/4 (4) 



V^ 



^l e 



J2 



a ja ^ and 
^' = cr^/cr ^. It is seen that with these con- 
siderations the VEVs are completely deter- 
mined by the Higgs potential. 

It is remarkable that with these rela- 
tions the mass matrices of the neutrinos and 
charged leptons are simply given by 

1, 
/ 2 



3 Nearly BimELximal Mixing 

It is more remarkable that the mass ma- 
trix Afe can be diagonalized by a unitary 
bi-maximal mixing matrix t/g via D^. = 

VlMMl with 



Ul = 




(7) 



and De 



diag.{me.,mfj,,mr). The neu- 



trino mass matrix can be easily diagonalized 
by an orthogonal matrix O^ via Oi,M^O^ 
with (Oi/)i3 — sin 01, = s^, and tan20,y = 
\/2(5_/A_. Thus the CKM-type lepton mix- 
ing matrix Ulep that appears in the interac- 
tion term Lw — SLl^'ULEPt^LW^ + H.c. is 
given by Ulep — UlOi,. Explicitly, one has 

' 72 ^'^'^ "71 71*'^'^ 



Ulep — 



Ci, + 



V2- 
1 



\2'='' V2^ 



1 
V2 

-ii is 

2 2 " 

^U is 

2 2 "^ 



~2' 

71^ 



(8) 



The three neutrino masses are found to be 



m„^ = m^[l - (y A2_ + 2(52 _ A_)/2 ] 

TO,. = TO,, (9) 



ra 



TO„[1 + A_ 



A2 



M„ 




2(52 - A_)/2]. 

The similarity between the Higgs triplets 
Lp{x) and (^'(a;) naturally motivates us to con- 
sider an approximate (and softly broken) per- 
mutation symmetry between them. This im- 
plies that |(5_| << 1. To a good approxima- 
tion, the mass-squared differences are given 
by Ato2^ = ml^ - ml^ ~ m2A_((5_/A_)2 

and Am2^ = ml^ - ml^ ~ m2A_(2 + A_), 
which leads to the approximate relation 

Am2 I S \ 

si = 2|t/e3p « 1 



fie 

Am2^ 



\/2A- 



0.2 ~ 0.09 MSW - LMA 

~ 0.02 - 0.002 MSW - LOW (10) 

lO^'' Vacuum Oscillation 

which implies that once the mixing element 
Uesl is determined, such a relation will tell 
us which solution should be favored. 
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When going back to the weak gauge and 
charged-lepton mass basis, the neutrino mass 
matrix gets the foUowing interesting form 

/ 

^* 



v'^ 



SF 


i\cF 


-i\cF 


kcF 


-¥f + 72^^ 


-hsF 


Cf 


-ifiF 


-yP-^^'P 



M^/m^ 



71^ 
1 

2 
_ 1 

2 



71' 



-^i^ 



"71' 

72 



-1 






Thus the 5*0(3)^ gauge interactions aUow 
(llfepton flavor violating process /x -^ 3e, its 
branch ratio is 

4 2^1 



As (M^)ee — 0, the neutrinoless double beta 
decay is forbiden in the model. Thus the neu- 
trino masses can be approximately degener- 
ate and large enough ( m^ = 0(1) eV) to play 
a significant cosmological role. Note that our 
scenario was shown to remain stable aiter 
considering renormalization group effectsO. 

4 Lepton Flavor Violations 

The mass matrix of gauge fields A* is 



A4 



with rn^ 




3ff; 



2^2 



C 

(12) 
cr'/sand^i = (l±^)/2. This 
mass matrix is diagonalized by an orthogo- 
nal matrix Of via OpMpOF with (Of)i3 — 
smOF = SF and tan26'F = 2V2^_/(^+ - C')- 
Denoting the physical gauge fields as F* we 
then have A* — Op F^ . In the physical mass 
basis, we have for gauge interactions 



Ci 



'-^FlDLt'O'pT^L 



93 

2 

53 
2 



V^^,t^, 



(13) 



K i^LV:reL - eRVl 



*reR) 



with VI = U^PUeOV;. Exphcitly, we find 



Cf 
V} = I -ih^F 



i^sf 



\CF 



7^'P 



-zisF 
^CF 



It^Sf 



Vf = 



\CF 

1 

2 



icF 



V2 



'^ 
-71 



Briji 



3e) = ( - 



m+^i'M, 



(15) 
with V = 246GeV. For a ~ IQ^v, the branch 
ratio could be very close to the present ex- 
perimental upper bound Br(/i -^ 3e) < 1 x 
10^^^. Thus when taking the mixing angle Of 
and the coupling constant g'^ for the 50 (3) ^ 
gauge bosons to be at the same order of mag- 
nitude as those for the electroweak gauge 
bosons, we find that masses of the S0(3)_f 
gauge bosons are at the order of magnitudes 
ruFi ~ IQ^mw — 80 TeV. For smaller mis- 
ing angle 6f: the S0(3)f gauge boson masses 
niFi could be below 1 TeV. 
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